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ABSTRACT I 
A l t e r n a t i v e s  t o  t h e  A A P  b a s e l i n e  Cluster M i s s i o n  

for the ATM are  b e i n g  e x p l o r e d .  Communica t ions  c o v e r a g e  d z t a  
on atLairlaLle o i + b i t a i  altitudes foi- 28 and 56 d a y  fiIlsSloi-is 
a t  28.5O, 50' and  63.5"  i n c l i n a t i o n  a n g l e s  a re  compared  i n  t h i s  
memorandum, 

Dur ing  t h e  l a u n c h  p h a s e  a n d  t h e  t r a n s i t i o n a l  p e r i o d  
b e t w e e n  i n s e r t i o n  a n d  i n j e c t i o n  i n t o  t h e  e l l i p t i c a l  o r b i t  for 
t h e  a l t e r n a t i v e  m i s s i o n s  e x a m i n e d ,  none  has a s i g n i f j c a n t  
c o m m u n i c a t i o n s  c o v e r a g e  a d v a n t a g e .  I n  a l l  c a s e s ,  two s h i p s  
may b e  r e q u i r e d  t o  s u p p o r t  l a u n c h  c o v e r a g e .  Aga in  i n  a l l  
cases  t h e r e  i s  a p p r o x i m a t e l y  a 75 m i n u t e  g a p  after i n s e r t i o n  
u n t i l  t h e  f i r s t  l a n d  s t a t i o n  c o n t a c t  e x c e e d i n g  3 m i n u t e s .  I t  
:nay b e  n e c e s s a r y  t h a t  A R I A  ( A p o l l o  Range I n s t r u m e n t a t i o n  
Aircraft) or s h i p  s u p p o r t  be p r o v i d e d . ,  

When compared w i t h  t h e  p r e s e n t  b a s e l i n e  m i s s i o n  o n l y  
o n e  of  the a l t e r n a t i v e  ATM m i s s i o n s  (150x600  n . m . )  e x p l o r e d  
e x c e e d s  t h e  p e r c e n t  o f  n o n - o v e r l a p p i n g  c o v e r a g e  p r o v i d e d  
( 3 1 . 7 %  vs 2 7 . 2 %  for VHF; 3 6 . 6 %  vs 29.4% f o r  USB). This m i s s i o n  
s l s o  has r-o Gaps b e t w e e n  5 m i n u t e  c o r i t a c t s  f o r  28 days e x c s e d i n z  

x i t h  3 2  gaps  for 28 d a y s  of the b a s e l - i n e  m i s s i o n .  The 
l f j O X ~ l O 0  n .m,  m i s s i o n  h a s  a p p r o x i m a t e l y  the same p e r c e n t  of 
: )c!n-overla .pping c o v e r a g e  as t h e  base l iFe  m i s s i o n  a.nd s i g n i f i c a n t l y  
fever  9 0  m i n u t e  gaps (9 v s  3 2 ) .  

nn 7 u  i i i i ~ ~ u ~ c = b  - 2  L - -  (i:ecoi;d capa"uli'iy " Î  A:";'; t a p e  i<ecoi?d~i l ;  cs;;,pai:cd 
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1 INTRODUCTION 

MEb'lORANDTJM FOR F I L E  

S e v e r a l  a l ' t e r n a t i v e  LbI-ATP4 m i s s i o n s  a . r e  b e i n g  
examined  as  backup  t o  t h e  AAP C l u s t e r  Mission. T h i s  
memorandum p r e s e n t s  t h e  r e s u l t ' s  of a s t u d y  t o  i d e n t i f y  a n y  
a d d i t t o n a l  c o m m u n i c a t i o n  s y s t e m  r e q . u i r e m e n t s  and  to compa.r'e 
the a m o u n t s  of c o m m u n i c a t i o n  c o v e r a g e  p r o v i d e d  bjr some of  t h e  
a l t e r n a t i v e  n i s s i o n s  w i t h  the b a s e l - i n e  Cluster M i s s i o n .  
Communications c o v e r a g e  d a t a  on a t t a i n a b l e  o r b i t a l  a l t i t u d e s  
for m i s s i o n s  a t  2 8 : 5 O ,  50", and 6 3 . f ; O  i n c l i n a t i o n  a n g l e s  aye 
compared  for the f i r s t  28 days o u t  o f  5 6 .  F o r  these o r b i t s ,  
total s o l a r  v i e w i n g  and c o n t i n u o u s  s o l a r  v i e w i n g  t i m e s  are 
b e i n g  g e n e r a t e d  by Bel.l.comin's Systems J . n a l y s i s  Depar tmer l t  i n  a n  
effoi- t  t o  establish c r i t e r i a  f o r  j u d g i n g  r e l a t i v e  s c r i e n t i f i c  
y i e l d  for t h e s e  m i s s i o n s .  

T h r e e  o f  t h e  possible a l t e r n a t i v c  z i s s i o n s  were 
s e l e c t e d  for compar i son , .  These were Considered t o  b e  s i g r i i f i -  
c a n t l y  d i f f e r c n t ;  i n  d e s i g n  t o  p r e s e n t  t h e  ex t r+er ies  f n r  coc1lTai-i- 
s o n  and yet 1 - e p r e s e n t a t i v e  of t h e  g:roup. Thc coi:nr?.uv:i_cati~cns 
coverasre  a n a l y s i s  was p e r f o r m e d  w i t h  t h e  a i d  of  c o n p u t e r  programs. 
B a s i c  d a t a  for the 3.aunch phase  xas de r ive - :  fron a m o d i f i c a t i o n  
to the BCX-AS? prosram by I r w i n  F l i r s c h ,  o f  t h e  E e l l c o m  AAP 
M i s s i o n  Ana1ys i . s  D e p a r t m e n t .  Data for t h e  t r a n s i t i o n  p h a s e  
( o - r b i t a l  c o v e r a g e  from I n s e r t i o n  to i n j e c t t o n  i n t o  the 
e l l . i p t i c a 1  o r b i t )  and  t h e  e l l . i . p t i c a 1  o r b i t  c o v e r a z e  for tvrE!Ity-- 
eight c lays  was p i -ovided  by the ALTZR r pro,ram..* A.11 c o v e r a g e  
t i n e s ' w e r e  c a l c u l a t e d  for above  a 5' e l e v a t i o n  a.nZ1.e f r o m  the 
t r a c k i n g  s t a t i o n  to t h e  v e h i c l e .  

*"A C'omputer Prozrarn t o  Conpute S p a c e  V e h i c l e  C o n t a c t  T i n e ,  
S l a n t  Range ,  a n d  Altitude, I'  € i ,  P1 n c k e r n c l l  , December 8 ,  1964. 

. .. .,. . ~ .. _ _  - .. - . -. _". - - -  - .. ~ .. . . . , . . . - - . . . - 
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The f o l l o w i n g  m i s s i o n  d e s i g n s  were examined  for 
i v e n e s s  o f  l a u n c h  phase c o m m u n i c a t i o n s  c o v e r a s e :  T h r e e  

l a u n c h e s ,  i ~ n t o  a n  81 x 150 n .m.  e l l i p t i c a l  o r b i t ;  o n e  
ed. for a 56 d a y  m i s s i o n  i.n a n  o r b i t a l  p l a n e  i n c l i f i e d  
65O to t h e  e q u a t o r i z l  p l a n e  a n d  two d e s i g ~ e d  for a 2e d a y  
n ,  o n e  a t  50 .63"  i n c l i n a t l o n  a n g l e  a n ?  t h e  o t h e r  a t  a 

i n c l i n a t i o n  a n g l e .  Ship , p o s i t i o n s  were s e l e c t e d  s o n e -  
b a s e d  o n  e x p e r i e n c e  g a i n e d  i n  a p r e v i o u s  

t h e  c o v e r a g e  s u p p l i e d  by t h e  l a n d  s t a t i o n s  
a t  Cape Kezned:;, Grand Cahama I s l a n d  a n d  k r n u d a  ( s e e  F i g u r e  I ) .  

t h e y  were s e l e c t e d  to p r o v i d e  a d d i t i o n a l  c o v e r a g e  from the l a s t  
l a n d  s t a t i o n ' s  c o n t a c t  thro.up;h t h r e e  m i n u t e s  a f t e r  t h e  o r b i t a l  
i n s e r t i o n  p o i n t .  

F?o c t t c r i l ? t  ';!3:! z x d e  t e  ffi]qt]ielq a p t i m j . z e  the ship 1 o C a t i o l 1 s ,  b u t  

It  was C o n c l u d e d  f o r  t h e  I,M/ATI'( l a u n c h e s  t h a t  o n l y  o n e  
s h i p  would be r e q u T r e d  t G  su.pp3 cinent l a n d  s t a t l . o n  c o n t a c t s  
arid' woulci f u l f i l 1  l ~ i ~ ~ . r ~ c i i  c o v e r a g e  r cqu ; . r emen t  s of  h z v i n ?  
c o n t i ~ u o u s  c o v e r a g c  t h r G U ~ h O U t  the l a u n c h  period and t h r e e  
m i n u t e s  o f  c o v e r a g e  i 3 f t E P  t h e  i n s e r t i o n  point. ?L~:jhol? 
effects were n o t  c o n s i d e ~ c d  i n  this s t u d - y .  The  S G U t k l  l ceyhole  
a t  Beriruda ( B D A )  has  a l r e a d y  b e e n  r e d u c e d  t o  a 6" h a l f - a n g l e  
f r o m  t h e  n o n i n a l  10' o r d i n a r i 1 . y  used i n  * t h e s e  s t u d i e s .  t-iowever, 
d u e  t o  t h e  d i r e c t i o n  o f  t h e  t r e j e c t o r i e s  c o n s i d c r e d  h e r e ,  t h e  

. N o r t h  k e y h o l e  c o u l d  b e  a f a c t o r  i n  r e d u c i n g  c o v e r z g e  p r o v i d e d  
by BDA.  

The s s r n e . t h r e e .  t y p e s  o f  m i s s i o n s  .;?re :txan?.rined ror. . . ,  . . I  7 

l>j:,l!.., L : : s e l . # "  :; L r L L L t.. 1 I e 1 .!. i p  i; ic ai L. 1. - 7 
L ! l C  L 2 L i I I C j !  or tl1e CI,I- 

s e l e c t i . n y  shin l o c a t i c n s  a n d  d e t e r r L i n i . n g  the c o v e r s s e  p rov i .ded  
b:? t h e  c o m b i n a t i o n  o'f l a n d  a n d  s h i p  s t z . t i o n s .  I-lere, d u e  to t h e  
l o w e r  a p o g e e ,  1 o n g e r  time of por.!ered f liyht; , arid t h e  rr .aneuvcrs 
employed  d u r i n z  t h e  a s c e n t  secuence  vh.i.ch ! : r o l o n  
ac;kiiever;,ent of i n s e y t i o n ,  i t  : / !as c o n e  l u d e d  t h P 2  
be needed t o  neei; rhequirc.!ncnts as stated. A p p r o x i - s t e l y  1 /2 
m i n u t e  o f  c o v - ? r a c e  a f t e r  i n s e r t i o n  i s  p r o . v i d e d  b y  t h e  one s h i p  
p o s l t i o n e d  2.s sho:.m 3.n F i .gure  I .  A s e c o n d  s h i p  locaLc?d f u r t h e r  
along t h e  s u b v e h i c l  e p a t h  ~::oulc! b e  necessar;vr t o  s u p p l e c e n t  t k 1 l . s  
c o v e r a . g e .  

S i r q i  1 Q V  n ~ n r ~ r r ~ i i v , o c  ~ . ~ o v n  < > ~ , - n l  n 7 r e . A  i v- o r h i - t  of 81 x 120 r?.!T?. ._,i .,., L . _ L U L  > , A "  ..,,... I M L L "  . . _ I _  L i , , L  I v y . - -  i,' 

i ) ~  i;:cL1ld . 

% " C o v e r a g e  f o r  a n  U p r a t e d  S a t u r n  I P r o v i d e d  by the ?.IS?'N 
for a Launch c n  a ! ! G o  I ,aur,ch A.zi:7uth," J .  P. Maloy,  Zepternber  28, 
1969. 
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If two s h i p s  ai'c r e q u i r e d  t o  be  d e p l o y e d  f o r  t h e  
l a u n c h  o f  t h e  CM-SM t h c n  two s h i p s  c o u l d  b e  on s t a t i o n  f o r  t h e  
l a u n c h  p h a s e  of  b o t h  v ~ ~ h i c l e s ,  LM and CP4-SII, s i n c e  r,u,-reizt p l a n s  
c a l l  f o r  t h e  launch of t h e  LPI a n d  t h e  CY-SSM t o  b e  w i t h i n  four 
d a y s  of e a c h  o t h c i ? .  

COVERAGZ D U R I N ! 2  TRANI'TTION PIIASE ( f r o m  thrc:: m i n u t e s  a f t e r  
i n s e r t i o n  to i n j e c t i o n  i n t o  t he  e l l t p t i c a . 1  i ) r h i t )  

Once agai .n  L h r e e  m i s s i o n  d e s i g n s  c o n s i d e r e d  t y p i c a l  
ir! a c c o r d a n c e  w i t h  c u r r : ? n t  s t u d i e s  were  examined  for communi- 
c a t i o n s  c o v e r a s e .  I n s e r t i o n  p o i n t s  d e r i v e d  from t h e  l a u n c h  
rjliase p o r t i ~ ~  of t h i s  s t u d ~ 7  l;:e~>e s e l e c t e d  ?.~.!CI. I J S C ~ ~ .  i n  the 
ALTER I con,!)uter p royra rn .  Covcra;.;e prclii d e t l  t ~ y  the T4,';F'N 
i n c l . u d i n ~  t h ?  t h r s e  85 '  a n t e n n a  s t a t i o n s  a t  G o l d s t o l ? e ,  
Madr id  and  Canberra f o r  more  t h a n  f o u r  r e v o l u t i o n s  of  a n  
c l i i 9 t i c a l  o r b i t  81 x 120 n..p. was c a l c u l . a t e d .  A l o o  : A z ~ ] . f - a n y l ~  
was u s e d  for t h e  k e y h o l e  a t  a l l  s t a t i c n s  where a p r ~ l i c a b l e .  

T h e  1-es-ul.ts i n d i c a t e  t ! ~ a t  for e a c h  c a s e  t h e r e  is 
a p p r o x i m a t e l y  a 75 K i ! i u t e  :as h e t w e e n  o r b i t a l  i n y e r t i o n  a n d  
the time the f i r s t  l a r id  s t a t i o : :  Of  t l j , 2  !-??F::f,: }-iad 2 c o n t a c t  
g r e a t e r  t h 2 n  3 m i n u t e s  :.!rit.h t h e  v e h i c l e .  Due to t h e  c r i ~ t i c a -  
l i t y  of  t h : i s  p!iase cf  t he  m i s s i o n ,  i .e. d e t e r n i n ; : t i o n  o f  
successful o r b i t  a c h i c v e m e n t  arid s ? a c c c ; - a f t  s t a t u s ,  it L., : - pr.ob;bI: 
d e s i r a b l e  t h a t  co'.-;3ra;.e b e  p r o v i j e d .  in t h i s  i n t e r i m  b y  t h e  
p l a c e m e n t  o f  a sh!~p i 'n  a n  a p p r o ? i - , i n t e  ic.catboi-1 o r  11)- the u s e  of  
ARIA ( A p o l l o  R a n w  I n s t r u m e n t a t i o n  !j rcraf 'f ;  ) . T h e  remain in ; ;  
p o r t i o n  o f  t h i s  ij:?.?ist? i s  sirnnilii:. 'for a l l  n j s s i o n s  in t h a t  tl-!ere 
1.s a d e q u a t e  e o v e r a - n .  . .  

The  r e s u l t s  ::,!ere cor-.:?ared a - g a i n s t  t h e  b a s e l i n e  ! : i iss? .cn 
o v e r  a twejity-e.i_r:.ht d a y  i n t e r v a l  ( c i r c u l a r  o r b i t  a t  230  n.n. 
a n d  a n  i n c l i n e t i . o n  an7l.e of  2 8 . 5  de;l-,rees ) . ~ e ~ \ i h ~ l ~  
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a f f e c t s  were f a c t o r e d  i n  u s i n g  a keyhole h a l f - a n g l e  o f  1.0". The 
r e s u l t s  a re  t a b u l a t e d  i n  T a b l e  I a n d  i n d i c a t e  amonz o t h e r  t h i n z s  
that as  t h e  apogeg i n c r e a s e s ,  t h e  p e r c e n t  covera .@e p r o v i d e d  
by  t h e  MSFN i n c r e a s e s ,  as m i c h t  b e  e x n e c t e d .  Two c o n f i . g u r a t  i o n s  
o f  t h e  g r o u n d  netwci-k were c o n s i d e r e d .  T h e  f i r s t  was t h e  USE! 
s t a t i o n s  wh ich  a r e  a n e t w o r k  o f  e l e v e n  30-foot a n t e n n a  s t a t i o n s  
a n d  three 8 5 - f o o t  s t a t i o n s .  T a n a n a r i v e  was a l s o  i n c l u d e d  h e r e  
b e c a u s e  o f  i t s  s t r a t e g 5 c  l o c a t i o n  a n d  its a b i l - i t y  to p r o v i d e  
l i m i t e d  V I P  t e l e m e t r y  s u p p o r t .  T h e  other c o n f ' i q u r a t i o n  
c o n s i d e r e d  was a network i n  w h i c h  a l l  s t a t 5 o n s  h a v e  a c a p a b i l i t y  
t o  s u p p o r t  t h e  ,VHF t e l e m e t r y  l i n k s  o f  t h e  ATK. T h i s  c o n f i c u r a t i o n  
h e s  t h e  same e l e v e n  30-fool:  s t a t - i o n s  r ~ l u s  Tarlar!??-+ive ~ b u t  no  
85-r"oct s t a t i o n s .  The a d d i t i o n  o f  the 8 5 - f o o t  a n t e n n a  s t a t i ~ o n s  
at I ; o i d s t o n e ,  Madrid and C a n b e r r a  t o  the VIiF netvlork c o n f i ; u r a t i o n  
f o r  a d d i t i o n a l  US!? s u p p o r t  d i d  n o t  chang;e t t , e  numt,t.r o f  r;a;;,s 
e x c e e d i n r ;  90 rninut-is (record capaP j  l i t y  of ATP.i ta.F(: :-c.:order.) 
e x c e p t  in s u p p o r t  of thc 1'50/3C!O r 1 . m .  orbit. 
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a n g l e  or" 50" compares  f a v o r a b l y  w i t h  t h e  b a s e l i n e  m i s s i o n  i n  
o e r c e n t  of  c o v e r a g e  a n d  e x h i b i t s  a big r e d u c t i o n  i n  t h e  
;umber of gaps o f  - 9 0  m i n u t e s  o r  more. 

2 0 3 1; - JPM- d l b  

A t t a c h m e n t  

: ; ; ,  i .  
' (  ; ' ' I  .. . 

J. P.  Maloyi 
.I a 
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